A new study in which recordings were made from the retrosplenial cortex while rats navigated through a complex environment has revealed populations of cells that encode route-segments as well as the relative position of these segments within an allocentric framework.
There is considerable evidence that animals, including humans, can navigate by referencing the geometric contours and cues defining a local environment, while at the same time monitoring their position and direction in relation to a global or allocentric framework [1, 2] . The capacity to make use of both local and global frames of reference allows for ease in navigation in which subjects may rapidly alter their sequence of movements, or their route, towards a goal. These can involve a large-scale modification in the structure of the route, or a mere update to a small segment of the path. Flexible changes in route structure suggest that animals may retain information regarding the action patterns that make up a route, while at the same time keeping track of the relationships between the various routesegments. The mechanisms by which route structure is processed at local and global spatial scales are poorly understood, but work published recently in Current Biology by Alexander and Nitz [3] suggests a role for neurons in the retrosplenial cortex, a dorsal cortical structure that occupies a pivotal Current Biology 27, R642-R666, July 10, 2017 ª 2017 Elsevier Ltd. R649
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Dispatches position between posterior sensory and limbic-hippocampal systems, and that has been linked to integrative functions such as spatial navigation and memory [4] [5] [6] .
A number of previous observations have indicated that retrosplenial cortex may be involved in route planning. Firstly, recent recording studies have pointed to the retrosplenial cortex, along with the anatomically linked parietal cortex, as having a critical role in coding an animal's position along a route: in particular, both regions contain neural populations that fire preferentially in locations along a fixed path, and in relation to specific movement actions that make up the route, for example left or right turns [7] [8] [9] . Secondly, retrosplenial neurons are modulated both by location within a route and by the location of the route in relation to the global environment [9] . This observation mirrors recent electrophysiological work showing that populations of retrosplenial head direction cells -neurons that fire when the animal's head is in a specific direction -can be sensitive to local cues, while at the same time other populations of retrosplenial head direction cells are anchored to global cues [10] . Thirdly, lesions of retrosplenial cortex produce impairments in directional orientation based on landmarks [11] . These observations are further supported by human neuroimaging studies in which subjects navigate virtual environments: such studies have found that the retrosplenial cortex is strongly engaged when subjects utilize local geometric features or global cues to accurately orient [12, 13] .
In their study, Alexander and Nitz [3] recorded populations of retrosplenial neurons while rats navigated through a plus-shaped track requiring the animal to engage in several repeating action sequences along a fixed route. As previously reported [9] , retrosplenial neurons tended to fire maximally at particular locations in the maze, indicating that cell activity encodes an animal's position along the route. Interestingly, many retrosplenial neurons spiked in a repeating, periodic spatial pattern along the path. This spiking pattern tended to localize along route segments that involved a similar sequence of movements. For instance, some cells would spike at segments that included a right turn followed by a left turn, while others would spike along segments occupying a left turn followed by a right turn. When navigating rats were restricted to navigate through a shortened portion of the track, retrosplenial cells tended to express the same periodic pattern for that segment of the track. The consistent pattern of activity across full-length and shortened tracks suggests that route segments may be mapped in relation to the distal or global environment.
Alexander and Nitz [3] further report three important characteristics of periodic firing by retrosplenial cells. Firstly, different retrosplenial cells spiked at different spatial scales; in other words, some neurons exhibited elevated spatial firing along a broad segment of the path, while others spiked according to two or four repeating path segments. Secondly, it was observed that some cells simultaneously represented more than one spatial scale. This conjunctive coding was particularly apparent in cell populations that displayed elevated firing along a broad single segment of the path, while showing repeated spiking in one or more additional route segments. Finally, the authors determined that spiking by a subpopulation of broadly tuned cells was largely symmetrical for two halves of the route. Importantly, this latter finding suggests a neural mechanism by which the distance between route-segments might be encoded.
It is well documented that retrosplenial neurons can be modulated by locomotor variables such as angular or linear velocity that tend to occur at sharp turns along complex routes [9, 14] . Because the plus-track environment included several turn locations that repeat along the route, periodic activity by retrosplenial neurons could be due to a bias in the movements made at these symmetrical locations. Alexander and Nitz [3] first determined that, although a subset of retrosplenial cells were modulated by movement correlates, a majority were not. Next, they tested whether the periodic activity exhibited by retrosplenial neurons in the plus-track would generalize to a ring-shaped track. Importantly, unlike the plus-track, the ring-track lacked distinct route segments composed of sharp right and left turns; furthermore, locomotor variables such as angular and linear velocity were roughly held constant in each lap of the maze. As in the plustrack, the authors identified neural correlates that reflected a single location, two locations, and four locations. But they noted that neural modulation along four segments of the ring-track was diminished relative to the plus-track. This is perhaps not surprising given the absence of sharp turns on the ring-track, and given the fact that many cells exhibiting modulation in four segments of the plus-track were also significantly modulated by angular velocity. Nevertheless, the finding supports the general conclusion that retrosplenial activity reflects the spatial structure of the local environment, rather than simply mirroring movement speed.
How are periodic signals generated in the retrosplenial cortex? This is not yet understood, but as Alexander and Nitz [3] note, it is likely relevant that the retrosplenial cortex is anatomically linked with parahippocampal cortical regions [4] [5] [6] , which contain grid cells that spike in multiple locations forming a repeating hexagonal pattern in an environment [15] . Different grid cells fire in different locations and orientations, but also fire at different spatial scales (the size and distance between firing fields varies between cells). Also notable is the increase in spatial scale in the tuning width of head direction cells in layer III of the medial entorhinal cortex [16] . It will be important to determine whether variation in retrosplenial route coding might be influenced by external parahippocampal inputs, or whether the signal is generated by a separate neural system or a consequence of intrinsic circuitry.
Based on this new evidence [3] , an important future step will be to update theoretical and computational work with respect to the role of retrosplenial cortex in spatial navigation. For instance, a striking feature of navigation deficits after retrosplenial damage are the descriptions of patients reporting an inability to determine which way to go in relation to landmarks, termed topographic (or heading) disorientation [17] . While these deficits could be interpreted in relation to the loss of landmark use for directional orientation [11, 13, 18] , or an inability in translating between viewer-centered (egocentric) and allocentric reference frames [19] , the findings by Alexander and Nitz [3] point to a potential impairment in mapping the appropriate path structure to a goal location.
In summary, the report by Alexander and Nitz [3] provides novel evidence that the retrosplenial cortex generates a unique signal that may reflect a mapping of route segments and the relationship between these segments. The findings raise questions regarding the emergence of periodic neural firing in retro-entorhinal circuitry and the consequences of this novel signal on spatial behavior and memory.
Plastids, the photosynthetic organelles of eukaryotes, exhibit remarkably stable genome architecture. However, a recent study of microscopic red algae has found new record-sized plastid genomes with unusual architectures. These species form a new branch in the tree of red algae.
More than one billion years ago, a heterotrophic protist engulfed a cyanobacterium which, instead of being digested immediately, established a long-term symbiotic relationship with its predator. This cyanobacterium transformed into a stable cell organelle, the plastid, and allowed the birth of the first photosynthetic eukaryotes. This evolutionary event had planetary consequences since photosynthetic eukaryotes occupied new ecological niches, diversified extraordinarily and became major players in the global carbon cycle. Three eukaryotic phyla are the direct descendants of this cyanobacterial endosymbiosis: the rare and poorly-known glaucophyte algae and the much more widespread and species-rich red algae, green algae and land plants [1] . Both red and green algae have been privileged targets of study for several generations of biologists and their
